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A patient with refractory tachycardia associated with a
nodoventricular tract in whom tachycardia was suc-
cessfullycontrolled with catheter-induced ablation of the
His bundle is reported. Tachycardia was always initiated
by ventricular impulses that blocked retrogradely in the
nodoventricular tract and conducted by way of the His-
Purkinje system. The His bundle ablation was success-
fully accomplished by delivering two direct current
countershocks of 400 J each in the region of the His
bundle. Postablation, the patient manifested stable 1:1
anterograde conduction via the atrioventricular (AV)
node-nodoventricular fiber over a wide range of heart
rates (50 to 180 beats/min). A permanent pacemaker was
For disabling and drug-refractory supraventricular tachyar-
rhythmias, ablation of the atrioventricular (AV) junctional
area by a closed chest catheter technique provides an alter-
native mode of therapy that is safe and effective (l ,2). After
successful ablation, all patients previously reported on re-
quired permanent cardiac pacing because of uncertainty about
the long-term stabilityof accessory pathway conduction (when
present) or the subsidiary pacemaker rhythms (l,2). In this
report, we describe a patient with refractory tachycardia in
association with a nodoventricular tract whose tachycardia
was successfully controlled with catheter-induced ablation
of the His bundle. The patient remains in much improved
condition without pacemaker or antiarrhythmic therapy over
a 16 month follow-up period.
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not implanted at the patient's request. During 16months
of follow-up, the patient has had stable sinus rhythm
with no sustained tachycardia. Brief asymptomatic ep-
isodes of ectopic atrial tachycardia have been recorded
on ambulatory electrocardiographic monitoring.
This case 1) demonstrates the potential role of abla-
tion of the His bundle in patients with refractory tachy-
cardia associated with a nodoventricular tract provided
that the His bundle is a critical component in the initi-
ation of the tachycardia or a part of the tachycardia
circuit; 2) reveals stable 1:1 AVconduction over a nodo-
ventricular tract; and 3) emphasizes the utility of the
phase image technique for diagnosis of a Mahaim tract.
Case Report
A 31 year old man was admitted to Moffitt Hospital in
November 1982 because of recurrent palpitation since the
age of 17 years. The episodes of palpitation initially oc-
curred two to three times a month, but more recently oc-
curred several times a week. Palpitation was triggered by
exercise and emotional stress and was associated with symp-
toms of presyncope, fatigue, diaphoresis and chest pain.
Typically, episodes lasted 15 minutes to I hour and usually
terminated spontaneously. During the past 14 years, the
patient was treated with all conventionalantiarrhythmicagents,
either singly or in multiple combinations, with no change
in the frequency of palpitation. The patient refused trials of
investigational antiarrhythmic agents or antitachycardia
pacemakers. At the time of admission, he was taking di-
sopyramide (800 mg/day) and verapamil (480 mg/day). He
had no family history of heart disease, palpitation, syncope
or sudden death.
Clinical findings. The patient was a well-developed white
man. The heart rate was 70 beats/min and systemic arterial
blood pressure was 110170 mm Hg. Cardiac examination
revealed an early systolic click and a midsystolic murmur
at the apex. The remainder of the physical examination
revealed no abnormalities.
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study. After written informed consent was obtained, the
electrophysiologic study was performed in the fasting, un-
sedated state. Three quadripolar electrode catheters were
inserted into the right femoral vein (by mean of the Seldinger
technique) and positionedagainst the high lateral right atrium,
across the tricuspid valve and against the right ventricular
apex. An additional quadripolar electrode catheter was in-
serted into the left subclavian vein and advanced into the
coronary sinus. Surface leads V], I and III and the intra-
cardiac electrograms from the high right atrium, His bundle,
coronary sinus and right ventricular apex were displayed on
a VR-12 oscilloscope and recorded on an Electronics for
Medicine recorder at a paper speed of 100 mm/s.
Programmed atrial and ventricular electric stimulation
was achieved by means of a programmablestimulator (Bloom
and Associates) with a pulse duration of 2 ms at two to
three times diastolic threshold. Incremental right atrial, left
atrial (coronary sinus) and right ventricular pacing was per-
formed to a paced cycle length of 275 ms. During atrial or
ventricular pacing at a cycle length of 500 ms, single atrial
or ventricular extrastimuli were induced at 10 ms decrements
throughout the respective diastolic cycles. During induced
tachycardia, atrial and ventricular overdrive pacing and
scanning with progressively premature atrial or ventricular
etrastimuli were performed.
Scintigraphic studies. Equilibrium blood pool scinti-
graphic studies were obtained during both sinus rhythm and
tachycardia on a portable Ohio Nuclear series 120 camera
using a linear all-purpose 20° slant-hole collimator and a
PDP 11140 minicomputer (Digital Equipment Corporation).
Imaging was performed in the anterior, best septal left an-
terior oblique and 70° left anterior oblique projections. Phase
image analysis was performed using the fundametal Fourier
harmonic to fit a cosine curve to the time versus radioactivity
curve of each pixel. The sites of earliest phase angle and
sequential phase changes in both ventricles were assessed.
Although not a specific measure of the onset of time of
contraction, the phase angle represents the point of initial
counts reduction in the local fitted curve. This variable can
then be loosely interpreted to represent the sequential pattern
of ventricular contraction of the digital blood pool image
on a pixel by pixel basis. Phase image analysis has been
related to the variables of conduction and contraction (3).
In the absence of severe contraction abnormalities, the se-
quence of phase variation appears to reflect the pattern of
ventricular activation in patients with bundle branch block,
implanted cardiac pacemaker, pre-excitation and ventricular
tachycardia (3,4).
His bundle ablation. His bundle ablation was accom-
plished using a technique described previously (1). The max-
imal bipolar and unipolar His bundle potentials were re-
corded, and the unipolar electrode that recorded the largest
His bundle potential was connected to a defibrillator paddle.
A second paddle covered with conductive jelly was firmly
V,R
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Electrophysiologic studies. All medications were dis-
continued 48 hours before the electrophysiologic stimulation
Methods
The baseline electrocardiogram showed sinus rhythm
with a PR interval of 0.18 second, QRS duration of 0.09
second and a frontal axis of 90°. There was no evidence of
ventricular pre-excitation (Fig. lA). Repeated electrocar-
diograms during spontaneous tachycardia revealed rates of
170 to 180 beats/min with a left bundle branch block QRS
configuration and a frontal plane axis of - 45° (Fig. IB).
No episodes of atrial fibrillation were recorded on numerous
24 hour ambulatory electrocardiographic recordings.
An M-mode echocardiogram showed midsystolic pro-
lapse of the posterior leaflet of the mitral valve. The chest
roentgenogram showed no abnormalities. In the past 2 years,
three exercise treadmill tests revealed induction of the tachy-
cardia during exercise.
Figure 1. Twelve lead electrocardiogram(EKG)during sinusrhythm
(A) and tachycardia (B). During sinus rhythm, there is a normal
PR interval and no evidence of ventricular pre-excitation. During
tachycardia, the QRS complexes show a left bundle branch block
contour and superior axis. The P wave occurs shortly after the
QRS complex (upright arrows) and the RP interval is shorter
than the PR interval. F, Land R = surface leads aVR, aVL and
aVF, respectively.
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posinoned behind the left shoulder blade . Pentothal sodium
was administered intravenously and direct current counter-
shock synchronized to the R wave was delivered from a
standard defibrillator (Physio-Control Life Pack 6).
Results
Control observations. During control recordings. the
atrioventricular (AV) nodal conduction time (AH). infra-
nodal conduction time (HV) and QRS duration were 65, 50
and 90 ms, respectively. During incremental atrial pacing,
the AH and AV intervals became progressively prolonged,
the HV interval shortened. the His deflection was displaced
into the ventricular electrogram and the surface electrocar-
diogram showed gradual development of a left bundle branch
block contour (Fig. 2). Similar findings were present during
decremental single atrial depolarizations from either the high
right atrium or coronary sinus . There was I: I AV conduction
to a paced cycle length of 300 ms. Spontaneous junctional
escape beats showed a left bundle branch block contour of
the QRS complexes similar to that during incremental atrial
pacing. These findings were consistent with the presence of
nodo ventricular fibers inserting into the right ventricle (5).
During right ventricular overdrive pacing, I: I retrograde
conduction to the atria occurred at a cycle length of 300
Figure 2. Right atrial pacing at a cycle length of 300 ms. Re-
cordingsincludesurfaceleadsVI , I andIII andbipolarintracardiac
electrograms recordedfromthe highrightatrium(HRA),theregion
of the His bundle (HBE), the proximal coronary sinus (PeS) and
the right ventricle (RV). There is prolongation in atrioventricular
nodalconductiontimes(AH)from 150(firstbeat)to 180ms (fourth
beat) and a decrease in the HV interval with displacement of the
His (H) deflection into the ventricular complex. The ventricular
complexes develop progressive pre-excitation with a left bundle
branch contour. Time lines in this and the following figures rep-
resent I second. S = atrial pacing stimulus.
ms. Atrial activation in the septal region always preceded
that in the high right atrium or coronary sinus. With deere -
mental single premature ventricular stimulation, the ventri-
culoatrial (VA) intervals became progressively prolonged.
No retrograde His deflections were recorded. During in-
duced atrial fibrillation. the shortest RR interval was 250
ms .
Tachycardia induction and characteristics. Tachy-
cardia was consistently induced by premature ventricular
stimulation or right ventricular overdrive pacing (cycle length
500 to 300 ms). A slight prolongation of VA conduction
time preceded the onset of tachycardia. Programmed stim-
ulation of the high right atrium or coronary sinus did not
initiate tachycardia. The tachycardia cycle length varied
between 330 and 360 ms. During tachycardia. the QRS
complexes manifested a complete left bundle branch block
configuration with left axis deviation. The configuration of
QRS complexes was identical to that during rapid atrial
pacing, thereby excluding ventricular tachycardia . In ad-
dition , a His bundle deflection never preceded the QRS
complex during tachycardia. thus excluding bundle branch
reentry as a mechanism of the tachycardia (6). During tachy-
cardia. a I : I ventriculoatrial relation was present, and the
septal atrial electrogram always preceded that of the high
right atrium or coronary sinus. A similar sequence of ret-
rograde atrial activation was present during right ventricular
overdrive pacing. Appropriately timed ventricular extra-
stimuli that blocked in the AV junction terminated the tachy-
cardia (Fig. 3) , thereby excluding an atrial tachycardia.
Phase image analysis. During sinus rhythm, the phase
image showed a relatively homogeneous activation of both
Figure 3. A premature ventricular depolarization induced at a
coupling intervalof 280 ms during tachycardia blocks at the atrio-
ventricular junction and terminates tachycardia. DeS = distal
coronary sinus; other abbreviations as in Figure 2.
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Figure 4. Phase analysis. In the left panel of each row are the
phase histograms, plotting phase angle on the abscissa versus the
number of pixels with each phase angle for the left (white) and
right (black) ventricle, respectively, in the "best septal" left an-
terior oblique projection, After each histogram are the phase im-
ages from which they were generated in our patient during normal
conduction (top row), during pre-excitation with a Mahaim fiber
(middle row) and in another patient with pre-excitationin the right
side of the heart through a Kent bundle (bottom row). The early
aspect of each histogram is bracketed by cursors defining an in-
terval of phase angles, which are highlighted in white in the fol-
lowing phase image (1), Highlighted pixels in subsequent images
(2 to 5) demonstrate the sequential pattern of phase variation.
During normal conduction, histograms are nearly coincident. Re-
gions of the septum, right ventricular base and apex appear si-
multaneously as the site of the earliest phase angle. Phase images
are dark-shaded and homogeneous, indicating homogeneous phase
changes. Progressive phase variation involves both ventricles in a
symmetric fashion,
In the middle panel, the right ventricular histogram (black)
clearly precedes that of the left ventricle, and the dark coloration
of the right ventricle indicatesearlier right ventricularphase angle.
The site of earliest phase angle is localized to the distal aspect of
the septum (arrows), with subsequentspread to the right and, only
in the latest panels, to the left ventricle, In the setting of pre-
excitation, the pattern is consistent with a septal focus. The isolated
distal location suggests a Mahaim fiberrather than a more proximal
Kent bundle. Early right ventricular phase angle indicates a septal
to right ventricular pathway,
In the bottom panel, the right ventricular histogram again
precedes that of the left ventricle. The dark coloration of the
right ventricle in the phase image indicates its earlier phase angle.
However, here the site of earliest phase angle is localized to the
anterior and basal right ventricular wall adjacent to the atrioven-
tricular junction, consistent with pre-excitation due to an atrio-
ventricular Kent bundle. Subsequent prolonged left ventricular
phase angles consistent with delayed left ventricular contraction
are again evident.
ventricles and the earliest activation occurred in the septal
and basal ventricular regions (Fig. 4, top row). However,
during tachycardia, the right ventricular phase histograms
preceded those of the left ventricle, and the site of the earliest
phase angle was localized to the right ventricular apex and
low septum (Fig. 4, middle row). Sequential phase variation
proceeded retrogradely toward the right ventricle and then
through the left ventricle. Comparison with the phased im-
age of another patient with a right-sided Kent pathway is
illustrated in the bottom panel of Figure 4.
Mechanisms of tachycardia. Right ventricular over-
drive or premature stimulation regularly initiated the tachy-
cardia by producing retrograde block in the accessory path-
way, retrograde conduction through the His bundle and
generation of a circus movement tachycardia involving an-
terograde conduction through the nodoventricular tract. His
bundle ablation would be expected to prevent the tachy-
cardia because this structure appeared to be a critical part
of the reentrant circuit.
His bundle ablation. His bundle ablation was accom-
plished by administration of two direct current counter-
shocks of 400 J each delivered through the catheter electrode
with the largest His bundle deflection. Immediately after
shock, the patient was in sinus rhythm at a cycle length of
880 ms with 1:1 AV conduction (Fig. 5). The QRS com-
plexes showed a left bundle branch block configuration sim-
ilar to that during tachycardia or rapid atrial pacing. No His
bundle deflections were recorded. These findings suggest
interruption of the His bundle conduction and are consistent
with anterograde conduction over the anomalous nodoven-
tricular tract. During incremental atrial pacing (cycle length
600 to 300 ms), there was I: 1 AV conduction with no further
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Figure 5. Twelve lead electrocardiogram during sinus rhythm
after His bundle ablation. The QRS complexes showa left bundle
branch block contour and a superior axis. Note that the configu-
ration of theQRS complexes is identical to thatduring tachycardia.
Abbreviations as in Figure 1.
Discussion
Scintigraphic studies. The electrophysiologic findings
of progressive prolongation of AH and atrioventricular (AV)
intervals and shortening of HV interval concomitant with
increasing degree of left bundle branch block patterns are
consistent with the presence of a nodoventricular tract (Fig.
2) (5,7,8). However, similar findings may be seen in patients
with extranodal accessory pathways with decremental con-
duction properties in the right side of the heart. This is the
first reported case in which phase image analysis was used
to assist the detection of a nodoventricular pathway. The
site of earliest phase angle was localized to the right ven-
tricular apex, and left ventricular phase angles were delayed.
We reported previously (9) that earliest phase angles in
patients with AV accessory pathways in the right side of
the heart are localized in the region of the AV groove. Phase
image analysis may, therefore, be useful in the differentia-
tion of a nodoventricular tract from extranodal pathways
with decremental conduction properties in the right side of
the heart.
His bundleablation. Tachyarrhythmias associated with
a nodoventricular tract can generally be managed with avail-
able antiarrhythmic agents (5). However, an occasional pa-
tient with tachycardia resistant to drug therapy may pose
problems in management. Surgical ablation of a nodoven-
tiruclar tract has not been reported. Percutaneous closed
chest His bundle ablation has been reported to be an effective
mode of therapy in patients with drug-resistant supraven-
tricular tachycardia ( I, 2). This report demonstrates that per-
cutaneous His bundle ablation may also control tachycardia
associated with a nodoventricular tract that is otherwise
resistant to drug therapy. After His bundle albation, anter-
ograde and retrograde conduction through the His bundle
was completely blocked. However, anterograde conduction
through the AV node and anomalous nodoventricular tract
was unchanged with a 1:1 pattern to an atrial paced cycle
length of 300 ms. Retrograde VA conduction was intact at
cycle lengths longer than 650 ms, presumably over the nodo-
ventricular tract, but not at shorter paced cycle lengths.
Programmed stimulation of the right ventricle failed to in-
duce tachycardia. We believe that this was related to the
inability of the ventricular impulses to reach the AV node
because of the interruption of the His bundle AV node axis.
Catheter-induced shocks at the AV junction may also di-
rectly damage the AV node (10). However, this would ap-
pear to be less likely because anterograde AV nodal con-
duction was intact after ablation.
Clinical implications. The observations in this case have
several important clinical implications. First, this case dem-
onstrates that the AV nodal reentrant tachycardia associated
with a nodoventricular tract may be responsive to His bundle
ablation provided one can prove that the His bundle is a
critical component of the tachycardia circuit. Second, since
it has been reported (11) that extranodal accessory pathway
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change in the configuration of the already maximally pre-
excited QRS complexes. During right ventricular overdrive
pacing (cycle length 600 to 300 ms), there was no VA
conduction. The latter finding suggests the retrograde VA
conduction, preablation, occurred predominantly by way of
the His bundle input into the AV node.
Follow-up observations. A permanent pacemaker was
not implanted at the patient's request, and the patient was
discharged without antiarrhythmic drugs. A 24 hour am-
bulatory electrocardiographic recording obtained 4 weeks
later showed persistent conduction over the nodoventricular
tract and did not reveal tachycardia. Two months after abla-
tion, the patient underwent a treadmill exercise test during
which he reached a maximal heart rate of 190 beats/min
without development of tachycardia. A repeat electrophys-
iologic stimulation study at this time revealed I: I antero-
grade conduction over the nodoventricular tract at atrial
paced cycle lengths of 600 to 300 ms. Intact AV nodal
conduction was suggested by a normal AH interval (un-
changed from the control study); overdrive atrial pacing
produced prolongation of the AH interval, but the config-
uration of the QRS complexes remained unchanged. No
tachycardia was induced by atrial or ventricular programmed
stimulation.
The patient remained free of tachycardia during a 16
month follow-up period. A repeat 24 hour Holter recording,
however, showed short episodes of wide complex tachy-
cardia. A repeat electrophysiologic study showed identical
findings to the prior study except that atrial overdrive or
premature stimulation resulted in brief episodes of ectopic
atrial tachycardia or sustained atrial fibrillation with mod-
erate ventricular response. No medications were advised
because the patient has no or minimal symptoms during
either spontaneous or induced tachycardia.
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conduction may suddenly fail and the natural history of
conduction over a nodoventricular tract is not known. per-
manent "back up" pacemaker insertion appears advisable .
Stable conduction over the Mahaim pathway has persisted
over the 16 month follow-up period for this patient. To our
knowledge, this is the first reported case of His bundle
ablation in a patient with a nodoventricular tract. Finally .
this is the first reported case that demonstrates the potential
role of phase image analysis in the differentation of a nodo-
ventricular tract from accessory extranodal pathways with
decremental conduction properties in the right side of the
heart . Patients with the latter pathway would be expected
to show earliest anterograde activation over the right AV
groove, while our patient showed earliest phase angle at the
right ventricular apex and distal septum.
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